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An attempt to detect mass movement associated with
large volcanic eruptions (VEI 4 or higher)
using satellite gravity data

Yuta Mrrsur' and SHUN KONAGAT

Abstract GRACE (Gravity Recovery and Climate Experiment) mission had clarified global time-
variable gravity fields since 2002. The time-variable gravity fields represent spatiotemporal mass
redistribution on the Earth. Using GRACE level-3 data provided by CNES/GRGS, we attempt to
detect signals of mass movement related to volcanic eruptions. We focus on the gravity data for 13

volcanoes where large (VEI 4 or higher) eruptions occurred, and perform a regression analysis with

linear, annual, and semiannual components. We find that only Icelandic volcanoes have notable
signals of positive changes in the linear trends of gravity (Eyjafjallajékull and Grimsv6tn) and negative
offset (Eyjafjallajokull) associated with the eruptions. These signals can be attributed to responses of

surrounding glacial system to the eruptions rather than mass movement by the eruption themselves.

In addition, small but significant signals have also been detected in other volcanoes, but their

interpretation is still difficult.

Key words: Volcano, glacier, gravity, GRACE, mass movement, Iceland.
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Spatial distribution of 13 volcanoes with large eruptions (= VEI 4) during 2004-2014.
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Table 1 Lists and coordinates of volcanoes with large eruptions (> VEI 4) during 2004-2014, and their eruption start/end times.

WK B AR WEKAE T
Kl L[] MEEELC]

[E/A] [E/A]

(d) Manam 145.037 -4.08 2004/10 2009/12
(e) Rabaul 152.203 -4.271 2006/8 2010/1
(j) Chaiten -72.646 -42.833 2008/5 2011/5
(i) Okmok -168.13 53.43 2008/7 2008/8
(h) Kasatochi -175.508  52.177 2008/8 2008/8
(f) Sarychev Peak 153.2 48.092 2009/6 2009/7
(1) Eyjafjallajokull  -19.633 63.633 2010/3 2010/6
(b) Merapi 110.442 -7.542 2010/10 2012/7
(m) Grimsvotn -17.316 64.416 2011/5 2011/5

(k) Puyehue -
-72.117 -40.59 2011/6 2012/4
Cordon Caulle

(a) Nabro 41.7 13.37 2011/6 2012/6
(g) Tolbachik 160.326  55.832  2012/11  2013/9
(c) Kelut 112.308  -7.93 2014/2 2014/2

FEEFRDOENIZOWTIE, BELTHED I5S%ETEX
MOKE S ZHEKEIETHEL, ZOFMEHIRE <
F—=N—Lt L7, A7y MzowTiE, EAXHEOH
M RIZ BT 5, BARIERO T — X OIEED D IEL T
FHLUTENENBREEXEOAS S EZHEEL, 202
FAPEHRE = T — =L LTz,

HBRLEEm

Fig. 212, GRACE F— & 2SS EHEN L 7 DEIF
ONTHRER DM %71 3. (a) Nabro% (k) Puyehue - Cordon
Caulle & kb-x, (1) Eyjafjallajokull ® (m) Grimsvétn T,
B ORFLEE BIEHRD) BHEARICKE SEL
TWBZLobhrs, S6iz, () Eyjafallajokull T,
BXIZE2HQOENA 72y FHWBICRENZ, 20
fitd KILTOFERIZOWTIE, AppendixiZF & 5,

Eyjafjallajokull & Grimsvétn 133127 4 2 F ~ R KL
THd. 7TAAT Y RIZBIT S Lo, BITH5E
2o THHBHE SN TEY (von Hippel & Harig, 2019),
KWK &R OFME & OBEIVRIRE LT WD, £
% ¥ Eyjafjallajokull & W 5 #1245 < [jokull) 1%, 7 A
AT v REECTKMZEWET 5. Eyjafjallajokull KL%, %
Ol Y IKFIZE LN T W72, 2010 4FE D AR B IK
TR K 25 S 2 LTz,

T7ARZ Y FTIE, KIIEKDIETD 1990 F£R4%F22 5
K DEfEDFENT W2 Z E S TE D (Bjornsson
et al, 2013), GRACE 7—&Z CTHHEHI DO LID b v
v Rz b hTwd (Fig 2). Zhizinz, .
(MK I & Bk R 7 b DZEB), BRI I3 EER
(BRI E O 5 - FREUHE S OKIREE) oW W) o 5%
(RHEEOER) 25, GRACETHMiE S iz dbD &2
LNhd,

Fig. 3 & Fig. 4TI, MAXHIRIZBT 2 EHD ORFELE)
ROBEA 7y M, 13OKIIZOWTE DT,
7 —nN— (BREEXH) zHEELTH, TARATY
Fo (1) Eyjafjallajokull & (m) Grimsvotn B KRT12 3
J 5, IEORELBHRLZN (B X Z 5em/yr = 2ugal/yr)
BEREE 25, %1z, () Eyjafjallajokull DWEKIZEE S
ADA 72y b+ (BL%F—8m=—3ugal) BEETH
5, —HT, 7TAAT7 Y FEERL 11 OKILUEKIZOWT
X, 7AAT VY RO2KILIENS L, BHERY 7 F NV
BRLNL otz KRz, BAHEL LTidikKo (k)
Puyehue - Cordon Caulle (VEI5) D& dBEE Ly
TFNHENT L, KIUEKZE DD OIS EREBE)
(& L5 - HD % GRACE ¥ — & 2> L § 2 0 »33,
WHEEZ 2 L 2RBT 5. ZoFEKE LTI, GRACE
OBHEEN T2 THRVWEWI 2L BEZLND,

72RL, TARATZ Y RO2KIUDEKIZMHED D DO
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Fig. 2 Examples of the time-series data of the gravity change and the results of the regression analysis. For each figure, the gray dots represent

the GRACE data, the black line is the regression curve, and the brown dotted line is its linear component. The red vertical lines indicate

the start and end times of volcanic eruptions.

I2d, BHECTIELROVINS LY T F AR ZENTVD
SUTBLRE W, 2 1E, (f) Sarychev Peak iZ oW T,
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Appendix The time-series data of the gravity change and the results of the regression analysis, for the other volcanoes
than those in Fig. 2. For each figure, the gray dots represent the GRACE data, the black line is the regression curve, and
the brown dotted line is its linear component. The red vertical lines indicate the start and end times of volcanic eruptions.
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